Non-modulating is a highly reproducible type of sodiumsensitive hypertension. The aim of this study was to evaluate in non-modulating individuals the erythrocyte sodium-lithium countertransport (SLC) abnormalities, which have been mentioned as a marker of non-modulation, and the association with increased microalbuminuria, as a marker of an early kidney impairment. We measured erythrocyte SLC in 10 normotensives (NT, 28 ± 4 years), 20 offspring of hypertensive parents being 10 modulating (MHO, 25 ± 6 years) and 10 non-modulating (NMHO, 26 ± 5 years), and 23 essential hypertensives being 12 modulating (MHT, 34 ± 5 years) and 11 non-modulating (NMHT, 32 ± 4 years). In all the subjects studied, microalbuminuria was determined by duplicate 24-h urine collection by radioimmunoassay. In nonmodulating offspring of hypertensive parents and essential hypertensives. SLC was significantly elevated
Introduction
Although high sodium intake is associated with high blood pressure in both human and experimental animals, 1,2 the response to sodium load is heterogeneous in hypertensive individuals, a phenomenon described as salt sensitivity. 3 Nonmodulating essential hypertension is a subset of sodium sensitive hypertensives which may be present in as much as 40 to 45% of essential hypertensive individuals. 4, 5 It was defined by a failure to appropriately modulate renal vascular and adrenal glomerulosa responsiveness to angiotensin II during high sodium intake. The main characteristics of these subjects are a reduced renal vascular response to angiotensin II on a high salt diet, an adrenal response to angiotensin II that is not changed by when compared either with normotensives without family history of hypertension, modulating offspring of hypertensive parents or essential hypertensives (P Ͻ 0.025). Likewise, 24-h urinary albumin excretion was found higher in non-modulating individuals (essential hypertensives and offspring of hypertensive parents) than in modulating individuals (P Ͻ 0.01). In conclusion, non-modulators with higher SLC countertransport sodium transport abnormalities showed higher elimination of microalbuminuria suggesting that non-modulators may have an increased risk for developing cardiovascular morbidity and kidney impairment even in normotensive subjects with familiarity history of hypertension. Journal of Human Hypertension (2002) 16 (Suppl 1), S128-S132. DOI: 10.1038/sj/jhh/1001358 high sodium intake and a failure to increase renal blood flow with chronic Na + loading. 4, 5 In this way, we have previously shown that renal haemodynamic changes during sodium load reproduces well the characterisation of modulating and non-modulating individuals. 5 Moreover, a significant decrease in the slope of the pressure-urinary Na + output curve in non-modulating offspring of hypertensive parents was also reported. 5 Heritability of this hypertension subtype is supported by the following observations: most nonmodulators have a positive family history of hypertension in first-degree relatives, non-modulation is highly concordant in twins and there is a significant association of non-modulation and the abnormal erythrocyte SLC, a heritable marker of salt sensitivity in essential hypertension. [5] [6] [7] Sodium lithium countertransport (SLC) is a membrane transport system involving a one-to-one exchange of sodium for lithium and is usually measured as sodium-dependent lithium efflux in lithium S129 loaded red blood cells.
5 Na + -Li + countertransport activity relates to sodium-proton exchange and to indexes of sodium reabsorption at the renal tubular bed. 8, 9 The factor responsible for SLC abnormality seems not to have a role in causing hypertension yet to possibly reflect genetic traits linked to hypertension. This relationship has been suggested by Weder 10 who reported that salt-sensitive patients presented increased values of erythrocyte Na + :Li + countertransport compared with salt resistant patients and by Doria et al 11 who showed that insulin resistance is associated with high SLC in essential hyprtensives.
On the other hand, increased albumin excretion rate (AER) has been related to endothelial alterations in glomerular capillaries in several renal diseases. 12 Likewise, in essential hypertension, several other abnormalities were found to be associated with microalbuminuria, such as hyperinsulinaemia, salt sensitivity, alterations in lipid profile and particularly insulin resistance. 13 The aim of the present work was to evaluate, in non-modulating subjects, erythrocyte sodium transport as a marker of salt sensitivity and a possible relation with increased AER.
Materials and methods
Ten normotensive subjects (NT: eight males, 28 ± 4 years), 10 modulating offspring of hypertensives (MHO: eight males, 25 ± 6 years), 10 non-modulating offspring of hypertensives (NMHO: seven males, 26 ± 5 years), 12 untreated modulating hypertensives (MHT: six males, 25 ± 6 years) and 11 untreated nonmodulating untreated essential hypertensives (NMHT: five males, 32 ± 4 years) were evaluated in this study. Hypertensive individuals were recruited from the outpatient clinic in our hospital. Normotensive subjects and offspring of hypertensive parents were recruited from a larger population in the Buenos Aires area. In these subjects, a very careful examination to exclude hypertension was performed before the beginning of the study.
History and physical examination, screening biochemical testing, renal echography and isotopic radiorenographic studies excluded secondary form of hypertension. Renal function was normal in all patients (serum creatinine: 0.8-1.0 mg%). Antihypertensive therapy was discontinued in essential hypertensive subjects 5 weeks before the beginning of the study. No subjects received oral contraceptives or oestrogen before or during the study. Low renin hypertension was characterised by measurement of plasma renin activity (PRA) before and after administration of furosemide. Patients with values of PRA less than 0.4 ng/ml/h who failed to increase their levels after furosemide were excluded from the study.
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Modulating non-modulating characterisation
The criteria used to define modulation status was for a subject to reach a minimum increase of 30% in effective renal plasma flow (ERPF) and a decrease of at least 30% in filtration fraction (FF) after moving from a 10 days of low (20 mmol/l/day) to a 10 days of high (250 mmol/l/day) sodium intake. Subjects who failed to achieve these renal haemodynamic changes were considered non-modulator. 5 Glomerular filtration rate (GFR) and ERPF were determined by the simultaneous clearances of inulin (In) and para-aminohyppurate (PAH) by the method of Schnurr et al. 14 Briefly, separate intravenous cannulae were placed in a superficial vein of both right and left forearms for infusion and blood sampling purposes, respectively. After a baseline blood sample was taken, a priming dose of inulin (2.6 g) and PAH (0.66 g) was injected. Immediately thereafter, a solution of inulin (13.2 mg/ml) and PAH (48 mg/ml) was infused at a rate of 0.0382 ml/min (Secura B Braun pump) over 70 min to maintain a constant plasma level. After 45 min, at which time plasma inulin and PAH reached the steady-state plasma concentration three blood samples were taken to measure GFR and ERPF as described elsewhere. 5 The mean values of the three samples are reported as the GFR and ERPF for each subject. Twenty-four hour urine was collected to measure urinary Na + excretion. Filtration fraction was calculated as GFR/ERPF.
Sodium lithium countertransport determinations
Measurements were made according to the original method described by Canessa et al. 15 For loading, 2 ml washed RBC's were incubated for 3 h at 37°C in a loading solution. Lithium was removed by washing six times with a washing solution. The SLC was measured as the difference between Li + effluxes from Li + loaded RBC's into Mg 2± and Na + media. The Na + media contained (mmol/l) Na + 150, glucose 10, Tris-MOPS 10 (pH 7.4 at 37°C), and ouabain 0.1; the Mg2 + medium contained (mmol/l) MgCl2 75, Tris-MOPS 10 (pH 7.4 at 37°C), glucose 10 sucrose 85, and ouabain 0.1. The 50% suspension of Li + loaded RBC's was diluted to a 4% to 5% haematocrit with cooled (4°C) Mg 2+ and Na + medium. From the final cell suspension three aliquots were taken and incubated for 60 min at 37°C. Fluxes were stopped by transferring aliquots of Mg 2+ and Na + suspended RBC's to an ice bath at 20, 40, and 60 min. After cooling, aliquots were centrifuged at 7000 g for 5 min, and the supernatants removed. Lithium concentration was determined in the Mg 2+ and Na + medium by atomic absorption spectrophotometry using appropriately bracketed standards modulators. A more detailed description of the method was previously published. 5 Blood samples for the SLC determinations were taken after 10 days of low and 10 days of high Na + intake before the renal haemodynamic study started.
PRA was measured by radioimmunoassay as previously described 16 in all individuals under a normal sodium intake (100-150 mmol/l/day) after the modulating or non-modulating condition was characterised.
Urinary albumin rate was determined by duplicate in 24-h urine collections by radioimmunoassay and expressed in g/min as it was described elsewhere. 17 
Statistical analysis
Normal distribution assumption was tested for all the variables, applying Kolmogorof-Smirnov 'd'test. One-way, among group's analysis of variance (one-way ANOVA) was applied to detect significant differences between means among the five groups considered. ANOVA was followed by a multigroup comparison of means using the Scheffe test. Significant differences were accepted when P Ͻ 0.05. Data were expressed as mean ± s.d. The Ethics and Research Committee of the Fundacion Favaloro approved the protocol. Written informed consent was required of all subjects before the beginning of the study.
Results
In Table 1 age, gender distribution and body mass index in the three groups studied are shown.
Under low Na + intake, systolic (SBP) and diastolic (DBP) blood pressure values were higher in hypertensives either being modulator or non-modulator than in MHO, NMHTO or NT.
After high Na + intake, no changes in SBP or DBP were observed in NT. MHO and MHT while a significant increase was only observed in NMHO and NMHT (Table 1) .
Sodium lithium countertransport (Table 2 ) was abnormally higher under either low or high Na + intake in neo-modulator subjects either being hypertensives or not than in NT, MHO or MHT.
Microalbuminuria (Table 2) , under low and high Na + intake was significantly increased in non-modulator individuals.
Sample sizes did not allow statistical subgroup analysis by gender. Although, it was a non-significant difference between males and females, a tendency to have higher values in males than in females in NMHT and MHT and offspring of hypertensive parents either under low and high sodium intake was observed.
Plasma renin activity was in MHT: 2.3 ± 0.9 ng/ml/h and in MHO: 2.7 ± 1.0 ng/ml/h. Nonmodulating individuals had higher plasma renin activity (NMHT: 5.4 ± 1.2 ng/ml/h: NMHO: 5.8 ± 0.9 ng/ml/h) than modulators (P Ͻ 0.01).
Discussion
In our study, SLC was higher in NM hypertensives and offspring of hypertensive parents. Likewise, we observed a non-significant difference of SLC in gender (higher in males) either in hypertensives and offspring of hypertensive parents which confirmed and extended previous observations by Redgrave et al, 7 who showed an increased prevalence of high SLC activity in the non-modulating subset of normal and high-renin hypertensive and an increased prevalence of NM in male compared with female patients. Recent evidence also showed a common polymorphism in the angiotensinogen associated with the abnormalities in the renal vascular response to AII in males, a characteristic of the non-modulation phenotype. 18 In addition, it was shown that high sodium intake modulates AT1 receptor gene expression, whereby oral salt influences positively AT1A and inversely to AT1B. 19 The association between high SLC and the reduced slope of the pressure-urinary Na + output curve previously found 5 in non-modulating offspring of hypertensive parents suggest that this lack of renal vasodilatation may precede the development of hypertension in affected individuals. This concept is supported by the recent observations of Gordon et al 20 who followed non-modulating normotensives until they S131 Epidemiological studies have demonstrated large differences in the prevalence of microalbuminuria in hypertensive populations. 25 Microalbuminuria has been shown to be more frequent in subjects with moderate to severe hypertension than in mild hypertensives. 26 It has been postulated that the main determinant of increased AER in mild hypertension seems to be the haemodynamic load factor since the elevated BP increases the glomerular ultrafiltration albumin. Conversely, in a more severe hypertension, the augmented urinary albumin leak is probably the consequence of a systemic microvascular disturbance which involves the glomeruli. 27 However, in our study, non-modulating hypertensives and offsprings of hypertensive parentes had similar BP values than modulator individuals suggesting that BP is not the only factor involving the increased microalbuminuria in this subset of salt-sensitive hypertension and hyperactivity of the renin angiotensin system and/or an increased sympathetic activity 27 may also account. In this regard, non-modulating individuals showed higher plasma renin activity levels compared with modulators.
In conclusion, the observation of an increased microalbuminuria in non-modulating offspring of hypertensive parents and in essential hypertensives might reflect early kidney functional or structural alterations in these individuals and suggest that non-modulating offspring of hypertensive parents
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